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ABSTRACT
Colleges and universities are striving to have their campuses become equitable with students of
any socioeconomic class having the capability of being successful. Unfortunately, there are specific
classes of students that have noticeably lower success rates in college and, since colleges are a critical
link for students to transition from high school to their career fields, this makes their success crucial.
Community Colleges render higher education accessible to students at low cost and less prerequisite
skills. This leads to higher enrollment of students that are experiencing these gaps in success. Each
college must conduct research on the own student body to determine if any class of student is
encountering a noticeable difference in success. Colleges also encounter many students that are
underprepared in mathematics and must take developmental math courses. It is imperative that
students are successful in the developmental math courses or college success is more challenging.
Research was conducted at Zane State College with the purpose of identifying social equity
differences within the mathematics department and create a model of academic success in
mathematics. This is to providie statistical evidence for the college to build upon when making decisions.
A forward logistics regression analysis was conducted along with a test of independence for each
variable and academic success. Social equity gaps were present in students that are lower income and
minority. However, first generation status did not render an equity gap. Developmental math courses
exhibited an extremely low level of student success with a 40% success rate. Lastly, dual enrollment
students had an extremely high level of success, with a 94% success rate.
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CHAPTER 1: INTRODUCTION
This study is being conducted to help guide potential upcoming academic decisions for the math
department at Zane State College. As the college seeks to continue to be a leader college, the school is
striving to capitalize on opportunities to identify and close social equity gaps that currently exist. Social
equity gaps can be summarized as differences in success for a particular group of people due to factors
or barriers that are uncontrollable (Martin, 2014). It is to Zane State’s benefit and the benefit for future
students that these social gaps are identified and addressed at the college. It is of special concern to the
math department at Zane State College to identify and address any social equity gaps for students taking
math courses. The math department is concerned with ascertaining the specific areas that these social
gaps may be present. The school seeks to resolve questions such as if there are social equity gaps among
student factors or course factors. This study will examine several factors within the math department
such as types of math course, classification of the student, race of student, age, sex, major, first
generation status, and social-economic status of the student. There is not a specific method or quantity
that is used to measure social equity so previous research will be used to help define methods or
quantities to define social equity difference and student success. The student’s success will be based on
a pass/fail grading within the math courses where passing is a C or higher. The study will seek to find
statistical differences for student success among the factors for the courses and for the students. This
study will also seek to find any factors that are statistically significant in predicting student success.
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Background
Zane State College began examining social equity gaps as part of the “Achieving the Dream”
initiative, which was launched in 2004 by Lumina Foundation for Education. The college first became a
member of the Achieving the Dream institution in 2005 and became a “Leader College” within this
institution in 2009. The Achieving the Dream initiative is concerned about student groups who face
significant barriers to success and breaking down those barriers through developing policies based on
research (Zachry Rutschow et al., 2011). The literature will show evidence of many colleges that have
conducted studies based on research from Achieving the Dream. Kasey J Martin of Virginia
Commonwealth University conducted research for her dissertation, “Implementing Social Equity in the
Public Sector: How Community Colleges Achieve the Dream”. This was a qualitative study that explored
multiple community colleges and focused on how community colleges handle the concept of equity.
Their study focused on the first twenty colleges involved in the Achieving the Dream initiative. Other
studies can be found in Elizabeth Zachry Rutschow book “Promising instructional reforms in
Developmental Education: A case study of three achieving the dream colleges” and goes into detail
about 3 of the first 83 colleges that are involved in the Achieving the Dream and examines their efforts
to improve instruction in developmental classrooms. The literature will also show that many colleges
have become members of the Achieving the Dream institution and will perform research based on
addressing concerns and making policies with the guide of data research. Many of these colleges'
research focus on social equity gaps and concerns in mathematics. Zane State has been a participant of
multiple initiatives and interventions, including the Middle-Skills STEM Pathways Initiative that focused
on strengthening STEM pathways.
Specific to social equity, Zane State College is actively examining social equity gaps across the
population of the student body. Personas were created to examine undergraduate, dual enrollment, and
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workforce students. Undergraduate student body are enrolled in school full-time. Dual enrollment
students are students enrolled in high school and college courses simultaneously, and workforce
students are students that are employed in their field and also attending college. Each Persona was
separated into categories of minority, non-minority and unknown. Each category for each persona
indicated the percentage of students that were Pell-Grant eligible and first-generation students. The
results indicated equity gaps in GPAs across minority status’.
For the regular undergraduate persona, 83.5% of minority students were eligible for the Pell-Grant
compared to the 67.1% of non-minority students, and 74.2% for students with unknown status who
were eligible for the Pell-grant. For the workforce persona, the student GPA breakdown was 2.1 for
minority students, 3.21 for non-minority students, and 3.45 for students whose race was unknown.
These two personas seem to have equity gaps, but more analysis will need to be done to know for
certain. Dual enrollment is the last persona, which contained closer GPA’s across the minority status.
The GPA breakdown was 2.98 for minority students which was still lower, but not by as much of a
difference as the other personas. The remainder of dual enrollment GPA breakdown concluded 2.98 for
minority students, 3.11 for non-minority students, and 3.02 for students whose race was unknown.
This study will build on these personas and limit the focus of social equity gaps to just the math
department of Zane State College, including the developmental math, STEM math courses, and college
level math courses. This study will then look to see if these factors are statistically significant in
predicting student success.
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Research Problem
This research project will address three components. First, the study will examine the magnitude
of differences of potential social equity gaps for math courses at Zane State College. Second, this study
will examine the personas of students that are potentially at risk of not succeeding because of social
equity gaps. Lastly, this study will examine student success from potential course and student
predictors.

Purpose of the study

The purpose for the study is to identify potential achievement gaps over the math courses at Zane
State College. There is data to indicate that achievement gaps occur overall at Zane State, but may be
more prominent in math due to math being a barrier for most students. If the areas that
contain achievement gaps in math can be identified, then decisions can be made to target those areas
and close the gaps with new policies and projects. This study will examine potential predictors of success
in different mathematical courses at Zane State College. This will be a quantitative study that
implements regression techniques. The dependent variable being dichotomously coded as pass or not
pass.

Significance of the Study

The results of this study are important to Zane State College since the results may be used to
create policy to improve success rates. Results can influence policies, practices, and programs that Zane
State College either currently uphold, or plan to develop, in regard to mathematics. The goal of this
study will be to develop strategies to increase student success in mathematics at Zane State
College. This study will provide additional information to the research already conducted by the
Achieving the Dream initiative. Additionally, this study will provide research that is unique in contrast to
4

previous research. The current study will target a specific department of the college and focus solely on
quantitative factors in determining a method for identifying social equity gaps and their effects on
student success.

Research Questions and Hypothesis

1. Are student demographic variables, Age, Sex, Pell Grant status, minority status, first generation
status predictive of academic achievement in mathematics?

2. Are significant student demographic variables of Age, Sex, Pell Grant status, minority status, first
generation status with added student classification (dual enrollment, undergraduate,
workforce) predictive of academic achievement in mathematics?

3. Are significant student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce) with added
student major predictive of academic achievement in mathematics?

4. Are significant student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce), student
major, with added classification of math course (developmental, STEM, College Level), predictive
of academic achievement in mathematics?

The hypothesis null (H0) were:

(H01): Student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status is not predictive of academic achievement in mathematics.
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(H02): Student demographic variables of Age, Sex, Pell Grant status, minority status, first
generation status with added student classification (dual enrollment, undergraduate,
workforce) are not predictive of academic achievement in mathematics.

(H03): Student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce) with
added student major are not predictive of academic achievement in mathematics.

(H04): Student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce), student
major, with added classification of math course (developmental, STEM, College
Level), predictive of academic achievement in mathematics.

Research Design

This study is an ex-post facto design with participants for this study consisting of Zane State
College students over the last 2.5 years who had taken credits in mathematics. All data will be identified
before obtained by the researcher and compiled in a spreadsheet (.csv). The analysis of the data will be
conducted using the statistical software R(R Core Team, 2013). This study will seek to employ logistics
regression techniques. This study will explore equity gaps within mathematics for a variety of student
variables including classification of student, first generation student, Pell-grant recipient, minority, age,
sex, major as well as for a variety of course variables including classification of math course, course
delivery, and classification of instructor. This study will seek to explore if there is an existing statistical
significance difference between pass/fail status different groups of students in the different math
courses. The larger focus of this study is to identify if certain math courses (Development, College Level,
or STEM courses) contain equity gaps among students’ groups and which student groups (first-year
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generational, Pell-Grant recipient, minority) contain said equity gaps. Further analysis will reveal if any
equity gaps exist between courses taught by adjuncts versus faculty and courses taught virtually versus
traditional. A logistic regression will be conducted with both student and course variables as
independent predictors. The dependent variable will be dichotomously coded as pass or not pass.

Theoretical Framework
This study’s theoretical framework will be built on Theory of Social Equity and its origin in public
administration. The Theory of Social Equity has three major aspects that include: Simple fairness and
equal treatment, distribution of resources to reduce inequalities in universal programs and services, and
the redistribution of resources to level the playing field through targeted programs(Norman-Major,
2011). Thus, social equity is the idea to create policies and practices that offer each groups of people the
support they need to succeed as possible and is a battle against social inequality or structural inequality
(Martin, 2014). These systemic barriers are cemented in society and impede specific groups from being
successful by allocating opportunities and support in unfair ways (Martin, 2014). Community colleges
are public institutions that purpose is to promote success and social equity is then a fundamental role in
elevating the student success at community colleges(Martin, 2014). As a method to eliminate the
inequalities within a public institution comes the concept of implementation research, where the
policies and decisions are developed and analyzed through data driven research. Implementation
research can be defined as creating specific elements, which are constructed in such a way as to put into
play a well-researched agenda (Martin, 2014). Achieving the dream has a 5-step model in regard to
implementation research in college, which involves first establishing a level of commitment among
those that will be involved in implementing the policies. Second, using data to prioritize actions and
create policies that will be implemented (Martin, 2014). It is at this point of the Achieving the Dream
model that this study is being conducted. The following steps of the model will then include engaging
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stakeholders, Evaluating and improving strategies, and finally establishing a culture of evidence for using
data to drive policy (Zachry Rutschow et al., 2011).
Assumptions, Limitations, & Scope
For each course, it is assumed the material is covered in full. It is also assumed that course factors
remain consistent over the entire semester. Specifically, the instructor remains the same and the course
delivery (Virtual/Traditional) remains the same over the entire semester. It is also assumed that the
student’s factors remained the same over the entire semester.
The limitations for study is that the study cannot account for students who choose to stop
attending the course at some point in the semester without withdrawing from the course. There may be
students that have opportunities outside of college and lead them to stop attending.
The scope of this study is to identify areas where social equity gaps exist and determine which
factors can best predict success for math courses at Zane State College. The characteristics of Zane State
College and its location are specific to the college and area. This is important when generalizing this
study to other colleges.
Definition of key terms, concepts, and variables
●

Achievement Gaps (Social equity Gaps): The difference in success between distinct
classification of students (low-income, first-year generation, race)

●

Classification of Instructor – Adjunct Instructor or Full-time Instructor

●

College Level Math Course: These are courses that are at College level Mathematics. They
include Statistics, College Algebra, and Quantitative Reasoning.

●

Course Delivery: Virtual Course or Traditional Course
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●

Culture of evidence: A commitment to planning, creating, and evaluating polices based on
research data

●

Developmental Course: These are math course that are not considered transferrable and are to
prepare the student to take college level math. These include Intro to Algebra and Pathways to
Mathematics.

●

Dual-enrollment: These are students that are currently in high school, but that are also taking
courses as part of the College Credit Plus program.

●

Equity: Each student being given what they need to succeed.

●

Ex post Facto: A design approach that relies on examining relationships among variables as they
occur naturally and without intervention from the researcher

●

First Generation: These are students with parents or guardians who have not attended college
and earned a 4-year college degree.

●

Implementation Research: Using data-based research to plan and develop policies and
programs.

●

Pell Grant recipient (socioeconomic status): These are students eligible to receive the Pell Grant
based on their Income

●

Previous academic measures: Measures of standardized test and High school GPA

●

Social Inequity (Structural inequity): Social inequity exists when groups of people are in a lower
status in society

●

STEM course: These are the Math courses that are a part of the STEM program course track.
These include Algebra & Trigonometry, Pre-Calculus, Calculus I, Calculus II.

●

Student Classification: The three different types of students that include dual-enrollment,
Workforce, & Undergraduate students.

●

Traditional Course: These are courses that are the traditional in-class format.
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●

Undergraduate: These are students that have graduated high school and have not started on
their career path.

●

Virtual Course: These are courses with formats that are fully online.

●

Workforce: These are students that are currently working within their career path and are taking
courses to advance their careers.

Summary

There are many barriers for students who are trying to earn a higher-level education. Math is a
difficult barrier for most students (Bryk & Treisman, 2010). The demographics of the student or factors
of the courses do not have to be barriers for students to achieve a college degree. It’s even more crucial
that these factors are not barriers within mathematics, which is already a barrier much of the time. If we
are able to identify areas with social equity gaps in the department of mathematics, then we will be able
to implement policies and programs that will target these gaps with the goal of eliminating them.
Implementation research is the theoretical framework behind this study and will be explored further in
the next chapter of this study. The Achieving the Dream studies and the utilization of data and research
as a guide to identifying and targeting social equity gaps will be discussed in the next chapter. The
research will be conducted as a part of Zane State’s goal of using implementation research to produce
results that will drive policies, resulting in the improvement of overall student academic success.
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CHAPTER 2: LITERATURE REVIEW
This study’s motivation is to examine potential predictors of student success in the math
department of a small community college. These potential predictors will fall into the categories of
student demographics, student classification, student major, and course classification. The goal for this
study is to provide valuable and constructive data, which can be applied when implementing policies
and practices. This study’s core is discovering possible social inequity in math courses, and will examine
prior related research. This chapter will begin with introducing an initiative that is influential to this
study. Throughout discussing the initiative this chapter will introduce the various concepts of public
administration, social equity, social and academic integration, mathematical inadequacies in students,
and implementation research that are vital for framing this study. The discussion on public
administration will state how and why social equity has been incorporated into the field. The concepts
of achievement gaps will be introduced and explain how they inhibit student success for low-income,
first generation, and minorities in higher education. The research will uncover these factors, how
student integration is influenced, and the impacts of student success. This chapter will then present
research on how mathematics can be a blockade for a large portion of students to succeed in college,
specifically for students in community colleges and for specific demographics. Lastly, this chapter will
discuss what implementation research is, and how said implementation is incorporated into the
Achieving the Dream initiative. Further, clarification within community colleges using implementation to
battle the negative effects of social equity, social integration, and mathematical inadequacies in
students will be presented.
An initiative was funded by the Lumina Foundation, called Achieving the Dream, with the goal of
increasing academic success, particularly, for low income students and students of color at community
colleges (Zachry Rutschow et al., 2011). An action plan was created that involved community college
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administrations, public administrations, research, the public, and national organizations that focus on
improving community colleges’ student success. The initiative set out to accomplish five objectives:
1. To support community colleges with the means to measure academic success through the use of
collecting and analyzing data.
2. Encourage state government and state education officials to write policies that focus on
student’s success more efficiently and effectively.
3. Drive research of factors that influence success in students in community colleges and success of
programs meant to enrich achievement.
4. Inform the public of steps community colleges are engaging in to improve their success.
5. Collaborating with other organizations to share information.
Initially, the initiative was implemented at community colleges in five different states. The original five
states where the Achieving the Dream initiative was first enacted involved colleges that were diverse in
size, location, and student characteristics. The enrollment of the students ranged from 410 students to
32,000 students. The locations of these community colleges were located in areas with low population
such as small towns versus larger cities. Nearly, all the colleges included a mix of ethnicities. The
initiative eventually grew to incorporate over a hundred schools in over twenty states. Then in 2010,
Achieving the Dream moved from an initiative to a nonprofit organization (Zachry Rutschow et al.,
2011).
The initiative sought to measure and positively influence social equity, social integration, and
mathematical inadequacies in students at community colleges. The involved colleges were expected to
implement a model that would reform the way the school operates and establish a “culture of evidence”
(Martin, 2014). A culture of evidence, as defined by Zachry and Schneider, is a commitment to collecting
and analyzing data to improve student success (Zachry, Elizabeth M.,& Schnieder, 2008). As defined in
12

the book, “Turning the Tide, Five Years of Achieving the Dream in Community Colleges” the Achieving
the Dream model is a five-step process that consists of the following:
1. Leadership commitment
2. Use of data to prioritize actions
3. Stakeholder engagement
4. Implementation, evaluation, and improvement of strategies
5. Establishment of a culture of continuous improvement.
These steps will be discussed throughout this chapter and begins with securing leadership
commitment. A study of the first 23 community colleges that participated in the Achieving the Dream
initiative, found that leadership at the highest levels of college administration is important for creating
and incorporating a vision of equity (Martin, 2014). A study done at Northern Illinois University coined
the terms “deficit mindedness” and “equity mindedness” when discussing their research into
identification and elimination of achievement gaps among their student population. The deficit mindset
attributes success and failure to the student themselves. “Student struggles are seen as the product of
inferior academic preparation, lack of motivation, familial demands that intrude on students’ ability to
commit fully to their education, or any number of other perceived deficits that are viewed as being the
sole responsibility of the student” (Klonoski et al., 2018). Equity mindset understands that the student’s
success or failure is a joint concern of the student and the institution. Additionally, equity mindset
“Assumes that every student can succeed, accepts students for who and where they are, recognizes and
strives to maximize student strengths, and provides essential support for student success” (Klonoski et
al., 2018). College leadership support of social equity is grounded in the ideas of New Public
Administration and the field’s understanding of social equity.
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It is public administration where the role of colleges becomes critical. Colleges are a societal tool to
prepare and educate its members for higher paid employment in some of the most modern and
forthcoming professions (Martin, 2014). Colleges are a link to students leaving high schools and finding
careers in a plethora of fields. Public administration is a field with the purpose to create policies and
programs that manage both government and private organizations that serve the public. This includes
college administration, which serves their students directly. Originally, since the days of Woodrow
Wilson, the field of public administration centered its values on efficiency, effectiveness, and economics
(Martin, 2014). As political and social turmoil increased in the 1960’s the scholars in public
administration began to question their responsibility to society and the current troubles (NormanMajor, 2011). In 1968, the area of public administration was reevaluated by young scholars who sought
to drive the field in a direction that would also focus on solving societal problems. Stemming from this
conference of scholars, called Minnowbrook, the new public administration ideals were formed. This
new public administration would be centered on morals and ethics and not just efficiency. The
motivation for these young scholars was to focus on equity in society and not just equality. One of the
scholars, H. George Frederickson, reasoned that the inclusion of social equity as a key component in
public administration was necessary. The reasoning behind this thought process was that economical,
effective, and efficient policies and services are not sufficient unless those they serve are also
considered (Norman-Major, 2011). Frederickson wrote “the most productive governments, the most
efficient governments, and the most economizing governments can still be perpetuating poverty,
inequity of opportunity and injustice” (Frederickson, 2015). Social equity then became the fourth pillar
of Public Administration Theory joining efficiency, effectiveness, and economics.
About 30 years after the conference, a definition for social equity was established by the National
Academy of Public Administration, which is as follows:
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The fair, just, and equitable management of all institutions serving the public directly or by
contract; and the fair and equitable distribution of public services, and implementation of public
policy; and the commitment to promote fairness, justice and equity in the formation of public
policy (Norman-Major, 2011).
The American dream idea is that any person, whose goal is to become financially independent and
successful needs only to have hard work, make smart decisions, and wise investments (Guy &
McCandless, 2012). This is based on the idea of equality where each person deserves the right to pursue
success, but does not consider a person’s initial standing unless that person is able to move from a lower
socioeconomic level to a higher socioeconomic level. Then the person is viewed as being more
successful. This is an infrequent occurrence due to many complexities including but not limited to global
economic restructuring, poor job opportunities, and inadequacies in education or training. This is what
the idea of social equity is built on (Guy & McCandless, 2012). Providing the same meaningful
opportunities regardless of their socioeconomic level by identifying stumbling blocks. “Social equity is
not an explicit constitutional value, but rather a term that implies a calculation of fairness, right, and
justice” (Nalbandian, 1989).
Throughout history of the United States, groups that have been identified to face obstruction in
building success have been minorities, low-income families, and families without college education
(Malcom-Piqueux, L., & Bensimon, 2017). As of 2012, students of families with income levels below
$18,000 a year had a 52% graduation rate. This rate increased as you move to higher income levels
(Baum, S., Ma, J., Payea, 2013). The graduation rates for students that are first-generation included 36%
success for those whose parents do not have a high school diploma and 54% for those whose parents
only have a high school diploma. Blacks and Latinos have, respectively, a 27% and 26% chance of
attaining a degree (Martin, 2014). These statistics show an achievement gap among these
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demographics. An achievement gap is a considerable difference in student success due to social inequity
(Martin, 2014). This is especially evident in community colleges with a higher enrollment rate of
students from these demographics as half of all community college students are minorities and 84% of
first-time community college students are minorities (Cohen & Kelly, 2019). Community colleges can
provide this education at lower cost and substantial accessibility (Brock et al., 2007). This leads to
community colleges having a vital role in social equity providing the same meaningful opportunities to
an extensive proportion of our society (Cohen & Kelly, 2019). However, if achievement gaps among
groups are present then society is missing out on a key and crucial opportunity for growth. These
achievement gaps are persistent difficulties for colleges to eliminate and they require the college’s
administration to have an active mindset in closing these gaps (Malcom-Piqueux, L., & Bensimon, 2017).
Two studies conducted at NIU reveal inequities among students of color and students from low
socioeconomic backgrounds. The first study had an average of 1500 students that took 100-level general
education courses (Klonoski et al., 2018). The data revealed eighty-one percent of the students overall
earned a C or higher and only seventy-one percent of students of color earned a C or higher. The second
study also had an average of 1500 students that took 100-level science general education courses. The
data for this study revealed seventy-nine percent of all the students earned a C or higher and only sixtynine percent of Pell-eligible students earning a C or higher. These both show a 10 percent equity gap as
defined by the study (Klonoski et al., 2018)). These studies were not conducted as part of the Achieving
the Dream initiative, but show achievement gaps in regards to race and income level.
Four schools, under the Achieving the Dream initiative, conducted studies that revealed
achievement gaps for specific student groups. These studies are significant because these schools were
able to close these achievement gaps over time using the Achieving the Dream Model. The first study
was conducted in 2004 at Valencia Community College. A 13% achievement gap between African
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Americans and Caucasian students was discovered (Zachry Rutschow et al., 2011). An achievement gap
for students in developmental education and math courses was also exposed. At Durham technical
community college, persistence and graduation rates among African American male students were
lower than other student groups. Tallahassee Community College noted achievement gaps in
persistence, attendance, and grades among African American male students. Santa Fe Community
College, noted achievement gaps in performance for Hispanic and Native American students (Zachry
Rutschow et al., 2011). These four institutions were able to overcome and close these achievement gaps
and this will be discussed further in this chapter when discussing the additional steps of the Achieving
the Dream Model.
Social equity has another factor that can contribute to a disparity among groups of people. This
factor is social integration and can be a major influence among college students. Social integration is the
process for a group to integrate into a new society. As students enter a college environment they have
to integrate academically and socially (Lakhal et al., 2020). This adds another layer for students that are
minorities, low-income, and first-generation. From previous studies, it can be shown that these groups
of students are at higher risk of having trouble integrating and dropping out (Lakhal et al., 2020).
Studies have repeatedly shown that first-generation studies are at higher risk of leaving college
(Woosley & Shepler, 2011). Data conducted by the National Center for Education Statistics found that
24% of first-generation students completed a Bachelor’s degree or higher after eight years. This was
considerably lower compared to the overall percentage of 46% (Woosley & Shepler, 2011). Rates of
decline are also higher for first-generation students. When controlling for race, sex, and income,
attrition rates were 71% higher for students with no college educated parents then for those students
with both parents being college educated (Woosley & Shepler, 2011). Woosley and Shepler found that
social integration factors should not be overlooked when it comes to academic success and first-
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generation college students (Woosley & Shepler, 2011). Also, Numerous studies have resulted in
minorities having a difficult time integrating and often experiencing prejudices and negative experience
with peers (Nora, A., & Cabrera, 1996). Community Colleges have served as the prominent opportunity
for Black males to pursue a college education and only 73% will continue after their first year with only
16% graduating in three years (Wood, 2012). In a study conducted by Zea, Reisen, Beil, and Caplan the
persistence of a degree and the integration of the student is essential for minorities and non-minority
students, but minority students were more likely to report disrespect and have lower amounts of
integration. Lastly, academic and social integration is more difficult for low-income students.
Employment is more essential for low-income students, which inhibits their academic and social
interaction. Adams, Meyers, and Beidas conducted a study that revealed that financial strain on a
student may negatively impact academic and social integration.
One of the most influential people that many publications on academic and social integration
reference, including the publication of Woosley and Shepler, is Vincent Tinto, a distinguished theorist in
higher education. He established a model for integration for college students, called Tinto’s model,
which considers academic and social aspects for integrating (Lakhal et al., 2020). This model has been
applied in previous studies to examine and predict student’s academic success and ability to transition
into college. As stated in a research article on fostering academic and social integration in college, “A
student’s degree of adjustment to their academic and social environments is believe to significantly
influence their decision to persist or drop out in higher education” (Lakhal et al., 2020). Tinto’s model is
constructed of six elements that underscore the process for a student to either succeed or drop out of
college.
●

Pre-entry attributes - Tinto’s model begins with pre-entry attributes of the student. This
element consists of the family background, skills and abilities, and prior schooling. The
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family background would consist of the parent’s or guardian’s education level, income
level, and ethnicity as well as other factors. The student begins their college path with a
certain family life, skills, and achievements (Lakhal et al., 2020).
●

Initial Objectives and commitments - Students also begin with certain goals, desires, and
ambition to finish college. A student can have a range of aspiration from being uncertain
about their goals to extremely determined to follow a specific career path. They can also
have a range of determination from having little desire to earn a degree to the degree
being the most important achievement in their life. A student also enters with certain
outside commitments. This would include family commitments or employment. The
students professional and future goals, intention to obtain a degree, choice of college or
school, and outside commitments make up the student’s initial objectives and
commitments. This is the second element of Tinto’s model, where the student’s
background and goals influence their ability to integrate into college (Lakhal et al., 2020).

●

Institutional Experience - The third element of Tinto’s models is when a student has now
been a part of the college. This is the student’s experience with the university system and
includes the interactions with the administration, faculty, and other students (Lakhal et al.,
2020). These interactions will include formal and informal settings with instructors, staff,
and students and may result in a student’s commitment and goals changing or adjusting
(Severiens & Wolff, 2008).

●

Academic and Social Integration - The fourth element, which is the student’s academic
integration based on interactions among administration, faculty and other students (Lakhal
et al., 2020). This includes academic performance and experience as well as their social
integration for activities. These can be positive and strengthen the student’s ability to stay
the course in college or be negative and weaken the student’s chance of seeing college
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through. “Academic integration is defined by students’ academic performance, level of
intellectual development, and perception of having positive experience in academic
settings” and “Social integration is defined by involvement in extracurricular activities and
the presence of positive relationships with peers'' (Lakhal et al., 2020).
●

Objectives and commitments - This ultimately will lead to the fifth element, which is the
student’s new objectives and emerging commitments. This relates back to the second
element and how the initial objectives and commitments might have changed over the
course of college (Lakhal et al., 2020).

●

Result - The result is the final element of Tinto’s model. Positive interaction may result in
the objectives and commitments adjusted such that the result is eventual graduation.
Negative interactions may result in objectives and commitments adjusted such that the
result is the student dropping out (Lakhal et al., 2020).

Positive experience and previous skills are an essential role in a student’s chance of integrating into
college successively. This can be evident when it comes to the student’s ability to get through required
mathematical courses. If a student does not possess adequate skills to get through the required math
courses, this could lead to negative interaction resulting in lower grades, followed by a deterioration of
the student’s ability to integrate within the college. Mathematics then becomes an academic barrier for
a student to succeed.
When students are underprepared for college level mathematics, the student may be placed in at
least one developmental math course that is completed prior to the degree-level, required math course.
Community colleges provide a chance for a vast amount of underprepared and low-income students to
earn a college degree (Quarles & Davis, 2017). Around half of students in the United States are enrolled
in community colleges and 60% end up placed in at least one developmental math course at their
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community college (Benken et al., 2015). Community colleges are serving a large portion of students
who are underprepared for college level math, but the current developmental programs that support
these students, is exhibiting negative effects (Benken et al., 2015). Less than half of the students
enrolled in developmental math courses are able to be successful in the course (Quarles & Davis, 2017).
One of the main reasons students choose to enroll in a community college, opposed to a four-year
college, is because the cost of attendance is inexpensive (Quarles & Davis, 2017). So, it is no surprise
that the majority of students that are from lower income families enroll in a community college. This
development in circumstances results in lower income students enrolling in a community college
because of affordable cost. Moreover, institutions ultimately require them to register for additional
courses that do not count towards graduation, possibly increasing the cost over time. Failure of
additional courses inhibits the student from graduating, leading to student debt, absent the education.
About 27% of Americans, who have not earned a degree have student loan debt (Ahmed & Kabir, 2019).
The student loan debt is skewed with lower income students not benefiting from college life the way
wealthy students are able to benefit (Ahmed & Kabir, 2019). The student debt is also skewed with
minorities with 34% of Black students and 28% of Hispanic students possessing student loan debt,
considerably higher than 16% of White students.
Once the school leadership is committed, then the school can begin doing research and generating
a plan of action (Martin, 2014). This involves identifying the groups of students that have achievement
gaps and is the next step in the Achieving the Dream model. The history of the United States is loaded
with inequality and injustice in society with advantages and opportunities applied disproportionately
(Guy & McCandless, 2012). Families, where the heads of the household are college educated having a
higher income (Ahmed & Kabir, 2019). This makes college more affordable for their children and their
children more likely to attend college. Minority families are also more likely to be lower income families
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(Ahmed & Kabir, 2019). Over the years, studies have been conducted in an attempt to develop methods
to measure the concepts of social equity for these specific groups. Colleges and community colleges
have started to choose to explore social equity and identify inequities among their own students. Their
goal is to move their campus to one that is more equitable for their students by putting into place
policies and programs centered on that goal (Guy & McCandless, 2012).
The original colleges that were members of the Achieving the Dream initiative struggled to gain
ground in data collection early on (Zachry Rutschow et al., 2011). This is due to limitations and
difficulties that included technology and personnel. A few years into the initiative these colleges finally
made notable progress and began to understand that collecting data provided valuable information on
the students. These initial colleges were able to make this advancement by increasing or reassigning
staffing and improving their technology capabilities to collect and analyze the data. This allowed more
time to start to use the data to influence their decisions and actions. El Paso Community College
discovered that the school needed developmental math courses for 98% of their new students. This
resulted in the college administration understanding that they had to work with local school districts to
build support for students to transition to college. Tidewater Community College introduced an
orientation program, targeting first generation college students. Evaluating the data of this program led
to extending the program to reach other groups of students. Hillsborough Community College
established a faculty-led committee that uses data and research while analyzing matters related to
student’s academic success (Zachry Rutschow et al., 2011). These are three examples of how schools
that are a part of the Achieving the Dream began to use data and research to improve their college.
The third step of the Achieving the Dream model involves engaging internal and external
stakeholders (Martin, 2014). Once data and research has been conducted, equity gaps or other
problems are identified at a college, and policies begin to be designed to combat these issues. The
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college can then engage internal and external participants such as faculty, staff, and outside student
support groups that can assist in developing approaches for solving the problems found in student
achievement (Martin, 2014.
This fourth step of the Achieving the Dream model is part of a larger concept and practice of
Implementation research. Once the college creates and implements a plan of action to improve student
success, that is based on the research the college performed, then additional research is completed to
evaluate the outcomes of their action (Zachry Rutschow et al., 2011). This allows any further
improvements and adjustments to be applied. Implementation research is concerned with exploring if
policies or programs are effective and sets out to determine if a policy or program was successful
(Martin, 2014). Implementation research sets out to provide evidence of the strengths and weaknesses
of a policy or program. A serviceable definition of implementation research was defined by Mazmanian
and Sabatier:
Implementation is the carrying out of a basic policy decision, usually incorporated in a statute
but which can also take the form of important executive orders or court decisions. Ideally, that
decision identifies the problem[s] to be: addressed, stipulates the objectives[s] to be pursued
and, in a variety of ways, ‘structures’ the implementation process. The process normally runs
through a number of stages beginning with the passage of the basic statute, followed by the
policy outputs [decisions] of the implementing agencies, the compliance target groups with
those decisions, the actual impacts – both intended and unintended – of those outputs, the
perceived impacts of agency decisions, and, finally, important revisions [or attempted revisions]
in the basic statute (Martin, 2014).
The studies previous mentioned in this chapter from Valenica Community College, Durham
Technical Community College, Tallahassee Community College, and Santa Fe Community College were
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able to move through these first four steps of the Achieving the Dream model with positive outcomes
(Zachry Rutschow et al., 2011). Valencia Community College was able to reduce the achievement gap in
African American male students to a 4% difference. This was done by focusing on six entry courses and
using supplemental learning and learning communities to improve success. Durham Technical
Community College closed the achievement gap by implementing a leadership group that first targeted
African American males. Tallahassee Community College developed a Black Male Achievers program.
This program focused on the retention of African American males by offering academic and student
services. Lastly, Santa Fe Community College implemented the Diversity initiative to remedy the
achievement gaps of Hispanic and Native Americans, which is a large portion of their student body.
These colleges, under the Achieving the Dream initiative, stood out among the first round of colleges
that were members. These colleges, due to their leadership, faculty and staff, were able to identify
achievement gaps in student groups. Then establish programs that successfully remedied these
achievement gaps as indicated through data collection and analyzation (Zachry Rutschow et al., 2011).
The next and final step for these colleges is to continue the process and establish a “culture of evidence”
This is the fifth and last step of the Achieving the Dream model, which creates a process of
repeatedly creating policies and programs based on data (Martin, 2014). Data is used to identify
problems or achievement gaps to create policies and programs. Then programs or policies are evaluated
in its effectiveness, strengths, and weakness with the use of data (Martin, 2014). Adjustments are then
implemented and the college repeats this process with new proposals and projects. This establishes a
culture of evidence (Morest & Jenkins, 2007).
The purpose of this study is to examine potential predictors of student success in the math
department of a community college. The goal for this study is to provide valuable and constructive data,
which can be applied when implementing policies and practices, while focusing on social equity gaps.
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This chapter introduced the Achieving the Dream initiative that is significant to the framework of this
study. Various concepts of public administration, social equity, social and academic integration,
mathematical inadequacies in students, and implementation research were discussed as well as relevant
studies that have been conducted. The discussion on public administration stated how and why social
equity has been incorporated into the field. This chapter examined how social equity affected specific
at-risk demographic’s academic success. This included research on how a student being minority, lowincome, or first generation can be an obstacle for the college student’s ability to succeed and integrate.
This chapter explored how mathematical inadequacy for students influences student success in
community colleges. Lastly, this chapter examined implementation research and its relation to The
Achieving the Dream initiative.
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CHAPTER 3: METHODOLOGY
Introduction
The objective of this research study was to address three components: the magnitude of
differences for potential social equity gaps in math courses at Zane State College, the personas of
students that are potentially at risk of not succeeding because of social equity gaps, and student success
from potential course and student predictors. There is data to indicate that achievement gaps occur
overall at Zane State, but may be more prominent in math due to math being a barrier for most
students. The areas of race, socioeconomic status, and first-generation status are of main concerns as
predictors. If the areas that contain achievement gaps in math can be identified, then decisions can be
made to target those areas and close the gaps with new policies and projects. This quantitative study
will implement logistic regression techniques to examine potential predictors of success in math courses
at Zane State College. The main research question will be analyzed through a forward stepwise logistics
approach. The desire is to discover which predictors, if any, are significant in predicting student success,
and if these predictors show a social equity gap. This chapter will present the research design and
analysis so that it can be replicated perfectly. The details of the design include research questions and
hypothesis, research method and design suitability, the research study’s geographic setting, the
sampling methods, the sample and population, the design’s validity and reliability, and data collection
and analysis. These details will be shared in this chapter.
1. Are student demographic variables, Age, Sex, Pell Grant status, minority status, first generation
status predictive of academic achievement in mathematics?

2. Are significant student demographic variables of Age, Sex, Pell Grant status, minority status, first
generation status with added student classification (dual enrollment, undergraduate,
workforce) predictive of academic achievement in mathematics?
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3. Are significant student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce) with
added student major predictive of academic achievement in mathematics?

4. Are significant student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce), student
major, with added classification of math course (developmental, STEM, College
Level), predictive of academic achievement in mathematics?

The study was conducted for students taking math courses over the academic years of 2017-2018, 20182019, and fall semester of 2019.

Hypothesis

The hypothesis null (H0) were:

(H01): Student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status is not predictive of academic achievement in mathematics.

(H02): Student demographic variables of Age, Sex, Pell Grant status, minority status, first
generation status with added student classification (dual enrollment, undergraduate,
workforce) are not predictive of academic achievement in mathematics.

(H03): Student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce) with
added student major are not predictive of academic achievement in mathematics.

(H04): Student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce), student
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major, with added classification of math course (developmental, STEM, College
Level), predictive of academic achievement in mathematics.

Research Design

This study is a quantitative ex post facto design with the goal of examining predictors of academic
success for students who have taken credits in mathematics at Zane State College. Ex post facto is a
design approach that relies on examining relationships among variables as they occur naturally and
without intervention from the researcher (Basler, 2012). The ex-post facto design is also conducted in
such a way that the subjects are as similar as possible except for the independent variables (McMillan,
2011). The independent and dependent variables are clearly identifiable from detail records (Samyn,
2013). This design approach was used because the numerical data was collected from the school’s
record database. All data was identified and compiled in a spreadsheet (.csv) before being obtained by
the researcher. The researcher then recorded the data as needed to fit the parameters of the study.
The data obtained consisted of student records including enrollment records and academic math
records. The enrollment records included the student demographics of sex, age, race, Pell-Grant
eligibility, first-generation status, student major, and student classification. Age is a quantitative variable
and sex will be coded as male and female. The variable of race will be coded as non-minority, minority,
and other. The Pell-Grant eligibility will be coded as eligible or not eligible. The first-generation status
will be coded as first-generation or not first-generation. The student major variable will be coded at
STEM or non-STEM. The student classification will be coded as dual enrollment, undergraduate, and
workforce. The academic records will consist of the classification of math course and student outcome.
The classification of math course will be coded as developmental, college level, and STEM. The
dependent variable is the student’s outcome for the course. Logistic regression techniques will be
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implemented and the dependent variable dichotomously coded with 1 being a C or higher and 0 being
lower than a C.
Other influential variables of student outcome that have not been included in this research study
include student motivation, pedagogical instruction difference, or family involvement. These variables
could contain significant differences, but could also be controlled by the student or by the college. So, to
diminish the chance for statistical error and to increase validity, the research started with the entire
recorded database for math courses in the academic years of 2017-2018, 2018-2019, and fall semester
of 2019. To address the independence assumption that’s required for most statistical analysis the
research deleted the oldest data from students that have enrolled in and completed multiple math
courses at Zane State College. This was done to ensure independence and with the idea that any
students who retook a particular class had their most recent grade as part of the sample.
Setting and Participants
The participants were chosen through a nonprobability sampling and were selected from students
that were registered for math courses at Zane State College. Using G*Power and a desired power of 0.8,
the priori statistical power calculation resulted in a need of at least 215 subjects (Faul, F., Erdfelder, E,
Buchner, A., & Lang, 2009). The G*Power calculation can be found in Appendix C of this study. Based on
a study of logistic regression a minimum of 10 subjects per predictor is adequate for logistic regression
research (Peduzzi et al., 1996). This study will consist of at most 11 predictors requiring a minimum of
110 subjects. The researcher obtained a sample size of n =2315 subjects.
Since Zane State College does not have residence halls the student body comes from the
population of Zanesville and the surrounding counties. Then the population of this study are individuals
in Muskingum county and the surrounding counties that are eligible to attend college. The population of
Muskingum county consists of a median Income of $45,276 and a poverty rate of 16.3%. Muskingum
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county’s population is 8.4 % minority, which earns 8.9% of the degrees awarded. The majority of
surrounding counties have similar median income values, poverty rates, and minority percentage as
Muskingum County except for Licking county, which has a median income of $62,715, a poverty rate of
11.4%, and a population that is 9.4% minority. Licking county is the only other surrounding county that
produces college degrees and award 17.4% of degrees to minorities. These statistics are based on 2017
data obtained from DATA USA. DATA USA is a comprehensive visualization engine of public US
Government data presented by a team of economists, data scientists, designers, researchers, and
business executives. The student body comes from a population with parameters that are different then
the state population parameters, so generalizing the results to other schools should require caution.
Procedure
The data obtained consisted of student records including enrollment records and academic math
records, which was collected prior to the researcher obtaining the data. Voluntary participation in this
study was then not required since the study was taken ex- post facto and the subjects did not need to be
contacted. This meant that the researcher did not need to obtain informed consent from the
participants and there was no risk of any physical, social, or psychological damage to the student. Since
the researcher obtained student records from Zane State College, the researcher was required to obtain
written IRB approval from the college for access to the data (Appendix A). Since the study was
conducted for obtaining a Master of Science degree at Shawnee State University, the researcher was
required to obtain written IRB approval from the University (Appendix B). Due to the nature of the data
the data was anonymized, prior to the researcher obtaining the data to maintain confidentiality.
Student’s ID numbers were used to distinguish the cases and assured no student was sampled multiple
times. No student or faculty names appeared in the study resulting contacting student or faculty to not
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be required. The collected anonymized data was stored on the password-protected computer and will
remain until the researcher employment with Zane State College has ended.
Data Processing and Analysis
The data obtained consisted of student demographics of race, Pell-Grant eligibility, first-generation
status, age, sex, student major, student classification, and student outcome over the academic years of
2017-2018, 2018-2019, and fall semester of 2019. After collecting the data, it was examined to control
for independence. Any student that was repeated in the data multiple times had only their latest course
kept as part of the study’s sample. This was done to allow any student that would eventually pass the
course to be recorded as passing that particular course. After recoding the variables, the statistical
software R was used to perform analysis (R Core Team, 2013). The analysis of the data will seek to
employ logistics statistical tests with the purpose of determining statistically significant predictors.
Logistic regression is a multivariable regression technique utilized when the dependent variable has a
dichotomous outcome. Logistic regression is not affected by qualitative, quantitative, or categorical
variables and therefore may be beneficial to the research (Yilmaz & Belbag, 2016).
Initially, each variable’s relationship to the dependent variable of academic success was examined.
If the independent variable was a categorical variable then the Chi-square test of independence was
performed to examine the relationship. If the independent variable was quantitative then an
independent t-test was performed to examine the relationship.
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The Chi-square test of independence examines the relationship between two variables by comparing
the observed matrix to the expected matrix (Tabachnick, B.G., Fidell, L.S., & Ullman, 2007). The Chisquare test has the following hypothesis:
𝐻𝑜 : 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
𝐻𝑎 : 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
A Chi-square test statistic is calculated based on the following equation with 𝜗 representing the
observed matrix and 𝐸representing the expected matrix.

Χ2 = ∑

(𝜗 − 𝐸)2
𝐸

The degrees of freedom for the Chi-square test are calculated by multiplying one less than the number
of rows by one less than the number of columns. The p-value is obtained using the Chi-square test in the
statistical software R (R Core Team, 2013). It is important to note that the Chi-square test of
independence requires each cell to have a minimum of 5 cases (Tabachnick, B.G., Fidell, L.S., & Ullman,
2007).
The independent t-test examines the means (𝑥̅1 , 𝑥̅2 ) of the two groups of academic success with
relation to the independent variable (Tabachnick, B.G., Fidell, L.S., & Ullman, 2007). The hypothesis for
the independent t-test is as follows:
𝐻𝑜 : 𝑇ℎ𝑒 𝑔𝑟𝑜𝑢𝑝𝑠 𝑜𝑓 𝑎𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑠𝑢𝑐𝑐𝑒𝑠𝑠 ℎ𝑎𝑣𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑚𝑒𝑎𝑛
𝐻𝑎 : 𝑇ℎ𝑒 𝑔𝑟𝑜𝑢𝑝𝑠 𝑜𝑓 𝑎𝑐𝑎𝑑𝑒𝑚𝑖𝑐 𝑠𝑢𝑐𝑐𝑒𝑠𝑠 ℎ𝑎𝑣𝑒 𝑚𝑒𝑎𝑛𝑠 𝑎𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡
The independent t-test was un-pooled due to the lack of theoretical support for equal variances among
the groups. Each group had their own standard deviation (𝑠1 , 𝑠2 )and sample size (𝑛1 , 𝑛2 ). The test
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statistic, degrees of freedom, and standard error (𝑆𝐸) for the independent t-test are calculated as
follows:

𝑡=

𝑥̅1 − 𝑥̅2
𝑆𝐸

𝑠 2 𝑠 2
( 𝑛1 + 𝑛2 )2
1
2
𝑑𝑓 =
1
𝑠1 2 2
1
𝑠2 2 2
𝑛1 − 1 ( 𝑛1 ) + 𝑛2 − 1 ( 𝑛2 )

𝑠1 2 𝑠2 2
𝑆𝐸 = √(
+
)
𝑛1
𝑛2

The p-value was obtained using the t-test in the statistical software R (R Core Team, 2013). An effect size
was then calculated in order to determine the effect size and power of the independent t-test. The
effect size is calculated as follows:

𝑡2
𝑟=√ 2
𝑡 + 𝑑𝑓

The effect size and G*power was used to calculate the power of the independent t-test (Faul, F.,
Erdfelder, E, Buchner, A., & Lang, 2009; Tabachnick, B.G., Fidell, L.S., & Ullman, 2007).
The main research question was analyzed using logistics regression techniques. This allowed the
probability of a dichotomous variable to be predicted with a one unit increase in the predictor variables.
The assumptions for logistics regression are linearity, independence, and multi-collinearity. with the
dependent variable being dichotomous the linearity assumption is violated (Tabachnick, B.G., Fidell, L.S.,
& Ullman, 2007). This is overcome by transforming the data using a logarithmic transformation. The
logistic regression takes a multiple regression equation and expresses it in logarithmic terms, which
overcomes the violation of the linearity assumption. The independence assumption was handled in the
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study’s method of sampling. Multi-collinearity was addressed when examining the predictors and their
correlation (Tabachnick, B.G., Fidell, L.S., & Ullman, 2007).
This study introduced a forward stepwise method for constructing the logistics model. Predictors
were added and the model evaluated to see if the added predictor improved the model. The hypothesis
for the evaluation is as follows:
𝐻𝑜 : 𝑇ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑖𝑠 𝑛𝑜𝑡 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑟𝑎𝑛𝑑𝑜𝑚 𝑐ℎ𝑎𝑛𝑐𝑒 𝑖𝑛 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑜𝑢𝑡𝑐𝑜𝑚𝑒
𝐻𝑎 : 𝑇ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑖𝑠 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑟𝑎𝑛𝑑𝑜𝑚 𝑐ℎ𝑎𝑛𝑐𝑒 𝑖𝑛 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑛𝑔 𝑡ℎ𝑒 𝑜𝑢𝑡𝑐𝑜𝑚𝑒
The models and predictors were evaluated with the goal of constructing a model with a set of significant
predictors and the impact of these individual predictors (Tabachnick, B.G., Fidell, L.S., & Ullman, 2007).
The logistics model was evaluated using four components. First, the log-likelihood (LL) evaluated
unexplained error in the model. This is calculated with the following equation:
𝑛

𝐿𝐿 = ∑[𝑦𝑖 (ln(𝑃(𝑦𝑖 )) + (1 − 𝑦𝑖 )ln(1 − 𝑃(𝑦𝑖 ))]
𝑖=1

Second, the deviance statistics was used to distinguish if a model is improved with an added predictor.
The deviance statistics is calculated using the log-likelihood as follows:
𝑑𝑒𝑣𝑖𝑎𝑛𝑐𝑒 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑠 = −2 ∗ 𝐿𝐿
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The deviance statistics follows a chi-square probability distribution, which allows p-values to be
calculated. The third component is the calculation of R2. This can be done through multiple methods, but
this study used the R-statistic method and the Hosmer and Lemeshow method. The R-statistic is
calculated as follows:

𝑧 2 − 2(𝑑𝑓)
𝑅=√
−2 ∗ (𝐿𝐿𝑏𝑎𝑠𝑒 )

The Hosmer and Lemeshow method is calculated as follows:

𝑅𝐻𝐿 2 =

𝑀𝑜𝑑𝑒𝑙 𝑐ℎ𝑖 − 𝑠𝑞𝑢𝑎𝑟𝑒
𝐵𝑎𝑠𝑒 𝑑𝑒𝑣𝑖𝑎𝑛𝑐𝑒 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑠

Lastly, the study evaluation involved comparing the Akaike Information criterion (AIC) for each model.
The AIC is calculated as follows where k is one more than the number of predictors.
𝐴𝐼𝐶 = −2 ∗ (𝐿𝐿) + 2𝑘
A decrease in the AIC shows a model has been improved by the addition of a predictor (Tabachnick,
B.G., Fidell, L.S., & Ullman, 2007)..
Summary
This chapter conveyed the details of the ex post facto design of the research and why this design
was appropriate for the nature of this study’s sampling and data collection. The details were presented
in full so this study is possible to be replicated by the researcher. This chapter also conveyed how the
analysis of the data will yield explanations and solutions to the research questions considering the
research hypothesizes. The next chapter will present and discuss the results of the research study.
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CHAPTER 4: RESULTS
Introduction
This study was conducted to help guide potential upcoming academic decisions for the math
department at Zane State College. As the college seeks to continue to be a leader college, the school is
striving to capitalize on opportunities to identify and close social equity gaps that currently exist. The
objective of this research study was to address three components: the magnitude of differences for
potential social equity gaps in math courses at Zane State College, the personas of students that are
potentially at risk of not succeeding because of social equity gaps, and student success from potential
course and student predictors. This quantitative study implemented logistic regression techniques to
examine potential predictors of success in math courses at Zane State College. The main research
question was analyzed through a forward stepwise logistics approach. The desire was to discover which
predictors, if any, are significant in predicting student success, and if these predictors displayed a social
equity gap. This chapter presents the data analysis conducted for this study. Each variable relationship
to academic success was analyzed and tested for independence. This chapter presents the forward
logistic regression model with its significant variables identified and addresses the quality of the model.
The Dependent Variable
This study’s dependent variable is academic success of each student contained in the study. A C or
higher is categorized as the student being successful and lower than a C is categorized as the student
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not being successful in the math course. The sample contained 2315 students and the breakdown and
percentage of successful to unsuccessful students is list in Table 1 of the study.
Table 1: Breakdown of successful/unsuccessful students

Sample Size = 2315
Successful Students
Unsuccessful Students

Number of
Students
1817
498

Percentage of
Students
78.5%
21.5%

Evaluation of the Variables
This study contains multiple independent categorical variables that are being tested as possible
predictors of academic success. The variables are listed in Table 2 along with the variable’s proportion of
students that pass their particular course with a C or higher. The variables with the highest proportion of
success in their course were CCP students (94%), STEM Math courses (84%), college level math courses
(83%), non-STEM majors (82%), female students (80%), and non-minority students (80%). These all have
a proportion of 80% or higher and above the samples overall success rate (78.5%). The variables with
the lowest proportions of successful students are developmental math courses (40%), Pell-Grant Eligible
students (57%), first-Generation students (58%), minority Students (62%), undergraduate students
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(62%), and non -first-generation students (62%). These all have proportions below 65% and well below
the sample’s overall success rate.
Table 2: Independent variables percentages of success

Independent variables
Percentages of Success

Success
Percentage

Unsuccessful
Percentage

Female students
Male students
Non-Minority students
Minority students
Not Pell-Grant Eligible students
Pell-Grant Eligible students
Non-First-Generation students
First-Generation students
Undergraduate students
CCP students
Workforce students
Non-STEM Majors
STEM Majors
Students in College Level Math courses
Students in STEM Math courses
Students in Developmental Math courses

79.6%
77.0%
79.6%
61.7%
70.7%
56.6%
62.4%
58.3%
61.8%
94.0%
76.5%
82.1%
69.1%
83.1%
84.1%
40.0%

20.4%
23.0%
20.4%
38.3%
29.3%
43.4%
37.6%
41.7%
38.2%
6.0%
23.5%
17.9%
30.9%
16.9%
15.9%
60.0%

This study contains one quantitative variable, which is the ages of the students. The boxplot
(Figure 1) and histogram (Figure 2) show there are many ages that are outliers and that there is a right-
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skew distribution of ages with most students being younger. This distribution is shown for both
successful students and unsuccessful students.
Figure 1 Boxplot: Ages

Figure 2 Histogram: Ages
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The mean, standard deviation, variance, and sample size for students that are successful/unsuccessful as
well as for the overall sample are listed in Table 3. Unsuccessful students’ mean (mean = 22.36) are
about 3 years older on average with a higher standard deviation (sd = 7.21) and variance (var = 51.96).
Successful students’ mean (mean = 19.27) and standard deviation (sd = 6.1) are closer to the overall
mean (mean = 19.93) and standard deviation (sd = 6.48) of the students.
Table 3: Descriptive Statistics of Student Ages

Descriptive statistics of the student’s
ages

Success
Students

Mean
Variance
Standard deviation
Sample Size

19.27
37.20
6.10
1817

Unsuccessful Overall
Students
sample of
students
22.36
19.93
51.96
41.97
7.21
6.48
498
2315
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Tests of Independence
Each independent variable was compared to the study’s dependent variable to investigate if there
was a relationship between the variables. If the independent variable is categorical then a Chi-square
test of independence was performed and if the variable is quantitative then an independent t-test was
performed. This study consisted of the following independent categorical variables including sex, PellGrant status, minority status, first-generation status, student major, student classification, and course
classification. The Chi-Squared test of independence has the following hypothesis.
𝐻𝑜 : 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
𝐻𝑜 : 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
The observed counts for the minority status variable over success can be found in Table 4, with
the expected counts for minority status over success in Table 5, and the standard residuals for minority
status in Table 6.
Table 4: Observed Counts for Minority Status/Academic Success

Observed Counts
Success
No
Yes

Minority Status
Minority
70
113

Non-Minority
417
1628

Table 5: Expected Counts for Minority Students/Academic Success

Expected Counts
Success
No
Yes

Minority Status
Minority
40
143

Non-Minority
447
1598

Table 6: Standard Residuals for Minority Students/Academic Success

Std Residuals
Success
No
Yes

Minority Status
Minority
4.743
-2.509

Non-Minority
-1.419
0.750
40

Based on the Pearson’s Chi-squared test with Yates’ continuity correction, there is a statistically
significant relationship between minority status and academic success, ( Χ 2 (1) = 30.33, 𝑝 < .001). The
minority students who were unsuccessful is 4.7 standard errors above the expected cell count and the
successful minority students were 2.5 standard errors below the expected cell count. Based on Fisher’s
Exact Test for Count Data and the odds ratio, the non-minority student’s odds of success is 2.42
(1.733,3.353) times higher than the minority student’s odds of success.
The observed counts for the first-generation status variable over success can be found in Table 7,
with the expected counts for first-generation status over success in Table 8, and the standard residuals
for first generation status in Table 9.
Table 7: Observed Counts for First-Generation Status/Academic Success

Observed Counts
Success
No
Yes

First -Generation Status
First Generation
183
256

Not First Generation
198
329

Table 8: Expected Counts for First-Generation Status/Academic Success

Expected Counts
Success
No
Yes

First -Generation Status
First Generation
173
266

Not First Generation
208
319

Table 9: Standard Residuals for First-Generation Status/Academic Success

Std Residuals
Success
No
Yes

First -Generation Status
First Generation
0.749
-0.604

Not First Generation
-0.683
0.552

Based on the Pearson’s Chi-squared test with Yates’ continuity correction, there is not a statistically
significant relationship between first-generation status and academic success, ( Χ 2 (1) = 1.53, 𝑝 =
.216). Based on Fisher’s Exact Test for Count Data and the odds ratio, the non-first-generation student’s
odds of success is 1.19 (0.909,1.522) times higher than the first-generation student’s odds of success.
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The observed counts for the Pell-Grant status variable over success can be found in Table 10, with
the expected counts for Pell-Grant status over success in Table 11, and the standard residuals for PellGrant status in Table 12.
Table 10: Observed Counts for Pell-Grant Status/Academic Success

Observed Counts
Success
No
Yes

Pell Grant Status
Not Pell Eligible
80
193

Pell Eligible
301
392

Table 11: Expected Counts for Pell-Grant Status/Academic Success

Expected Counts
Success
No
Yes

Pell Grant Status
Not Pell Eligible
108
165

Pell Eligible
273
420

Table 12: Standard Residuals for Pell-Grant Status/Academic Success

Std Residuals
Success
No
Yes

Pell Grant Status
Not Pell Eligible
-2.667
2.152

Pell Eligible
1.674
-1.351

Based on the Pearson’s Chi-squared test with Yates’ continuity correction, there is a statistically
significant relationship between Pell Grant status and academic success, ( Χ 2 (1) = 15.79, 𝑝 < .001).
The successful Non-Pell-Grant Eligible students is 2.15 standard errors above the expected cell count
and the unsuccessful Non-Pell-Grant Eligible students is 2.67 standard errors below the expected cell
count. Based on Fisher’s Exact Test for Count Data and the odds ratio, the Non-Pell-Eligible student’s
odds of success is 1.85 (1.359,2.537) times higher than the Pell-Eligible student’s odds of success.
The observed counts for the sex variable over success can be found in Table 13, with the expected
counts for sex over success in Table 14, and the standard residuals for sex in Table 15.

42

Table 13: Observed Counts for Sex/Academic Success

Observed Counts
Success
No
Yes

Sex
Female
262
1025

Male
236
792

Table 14: Expected Counts for Sex/Academic Success

Expected Counts
Success
No
Yes

Sex
Female
277
1010

Male
221
807

Table 15: Standard Residuals for Sex/Academic Success

Std Residuals
Success
No
Yes

Sex
Female
-0.893
0.467

Male
0.999
-0.523

Based on the Pearson’s Chi-squared test with Yates’ continuity correction, there is not a statistically
significant relationship between sex of the student and academic success, ( Χ 2 (1) = 2.136, 𝑝 = .14).
Based on Fisher’s Exact Test for Count Data and the odds ratio, the female student’s odds of success is
1.17 (0.951,1,429) times higher than the male student’s odds of success.
The observed counts for the student major variable over success can be found in Table 16, with the
expected counts for students major over success in Table 17, and the standard residuals for student
major in Table 18.
Table 16: Observed Counts for Student Major/Academic Success

Observed Counts
Success
No
Yes

Student Major
Non-STEM
299
1371

STEM
199
446

Table 17: Expected Counts for Student Major/Academic Success

Expected Counts
Success
No
Yes

Student Major
Non-STEM
359
1311

STEM
139
506
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Table 18: Standard Residuals for Student Major/Academic Success

Std Residuals
Success
No
Yes

Student Major
Non-STEM
-3.179
1.664

STEM
5.115
-2.678

Based on the Pearson’s Chi-squared test with Yates’ continuity correction, there is a statistically
significant relationship between student major and academic success, ( Χ 2 (1) = 45.44, 𝑝 < .001). The
unsuccessful Non-STEM student majors is 3.2 standard errors below the expected cell count, the
unsuccessful STEM student majors is 5.1 above the expected cell count, and the successful STEM
student majors is 2.7 standard errors below the expected cell count. Based on Fisher’s Exact Test for
Count Data and the odds ratio, the Non-STEM student’s odds of success is 2.05 (1.650,2.533) times
higher than the STEM student’s odds of success.
The observed counts for the course type variable over success can be found in Table 19, with the
expected counts for course type over success in Table 20, and the standard residuals for course type in
Table 21.
Table 19: Observed Counts for Course Type/Academic Success

Observed Counts
Success
No
Yes

Course Type
College Level
257
1265

Developmental
156
104

STEM
85
448

Developmental
56
204

STEM
115
418

Table 20: Expected Counts for Course Type/Academic Success

Expected Counts
Success
No
Yes

Course Type
College Level
327
1195

Table 21: Standard Residuals for Course Type/Academic Success

Std Residuals
Success
No
Yes

Course Type
College Level
-3.891
2.037

Developmental
13.381
-7.005

STEM
-2.77
1.45
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Based on the Pearson’s Chi-squared test, there is a statistically significant relationship between course
type and academic success, ( Χ 2 (1) = 257.18, 𝑝 < .001). The unsuccessful students in college level
math is 3.9 standard errors below the expected cell count, the unsuccessful students in developmental
math is 13.4 standard errors below the expected cell count, the unsuccessful students in STEM math
courses is 2.77 standard errors below the expected cell count, the successful students in college level
math is 2.04 standard errors above the expected cell count, and the successful students in
developmental math is 7.0 standard errors below the expected cell count . Based on the odds ratio, the
odds of success for college level students is 7.38 times higher than the odds of success for
developmental math students. The odds of success for students in STEM math courses is 1.07 times
higher than the odds of success for students in college level math courses. The odds of success for
students in STEM math courses is 7.91 times higher than the odds of success for students in
developmental math courses.
The observed counts for the student classification variable over success can be found in Table 22,
with the expected counts for student classification over success in Table 23, and the standard residuals
for student classification in Table 24.
Table 22: Observed Counts for Student Classification/Academic Success

Observed Counts
Success
No
Yes

Student Classification
CCP
70
1106

Undergraduate
416
672

Workforce
12
39

Table 23: Expected Counts for Student Classification/Academic Success

Expected Counts
Success
No
Yes

Student Classification
CCP
253
923

Undergraduate
234
854

Workforce
11
40
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Table 24: Standard Residuals for Student Classification/Academic Success

Std Residuals
Success
No
Yes

Student Classification
CCP
-11.504
6.023

Undergraduate
11.893
-6.226

Workforce
0.311
-0.163

Based on the Pearson’s Chi-squared test, there is a statistically significant relationship between student
classification and academic success, ( Χ 2 (1) = 348.96, 𝑝 < .001). The unsuccessful CCP students is 11.5
standard errors below the expected cell count, the unsuccessful undergraduate students is 11.9
standard errors above the expected cell count, the successful CCP students is 6.02 standard errors above
the expected cell count, and the successful undergraduate students is 6.23 standard errors below the
expected cell count. Based on the odds ratio, the odds of success for CCP students is 9.78 times higher
than the odds of success for undergraduate students. The odds of success for CCP students is 4.86 times
higher than the odds of success for workforce students. The odds of success for workforce students is
2.01 times higher than the odds of success for undergraduate students.
An un-pooled independent T-test was conducted on the variable age over success. On average,
students ages that are unsuccessful in math courses (𝑚𝑒𝑎𝑛 = 22.36, 𝑠 = 7.21, 𝑛 = 498) are greater
than students ages that are successful in math courses (𝑚𝑒𝑎𝑛 = 19.27, 𝑠 = 6.099, 𝑛 = 1817). This
difference is statistically significant 𝑡(703.77) = 8.75, 𝑝 − 𝑣𝑎𝑙𝑢𝑒 < .001, however, it did represent a
moderate effect size, 𝑟 = 0.313 given a power of 0.99999.
Summary of Predictors
A summary of each of the test of independence is presented in Table 25. Six different factors
revealed a relationship between itself and academic success. Two very important factors that had
significant results were the minority status ( Χ 2 (1) = 30.33, 𝑝 < .001) and the Pell – Grant status
( Χ 2 (1) = 15.79, 𝑝 < .001). Unsuccessful minority students were well above the expected cell count
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and successful minority students were well below the expected cell count. The non-minority student’s
odds of success also revealed to be significantly higher, with the odds of success being 2.42
(1.733,3.353) times higher than the minority student’s odds of success. The students that were not
eligible for the Pell-Grant had an odd of success that is also significantly higher with the odds of success
being 1.85 (1.359,2.536). Student Major (Χ 2 (1) = 15.79, 𝑝 < .001), Course Classification (Χ 2 (1) =
15.79, 𝑝 < .001), Student Classification (Χ 2 (1) = 15.79, 𝑝 < .001), and Age (𝑡(703.77) = 8.75, 𝑝 −
𝑣𝑎𝑙𝑢𝑒 < .001) also had relationships that were significant.
Table 25: Summary of test of Independence, *** Significant Result

Independent variables
Percentages of Success

Test
Statistic

Degrees of
Freedom

P-value

Significance

Minority Status
First-Generation Status
Pell-Grant Status
Sex
Student Major
Course Classification
Student Classification
Age

30.33
1.53
15.79
2.136
45.44
257.18
348.96
8.75

1
1
1
1
1
1
1
703.77

<.001
.216
<.001
.14
<.001
<.001
<.001
<.001

***
***
***
***
***
***

Logistic Regression
The main research question for this study was evaluated by implementing a forward logistic
regression model to predict academic success. The study began with a logistics regression model that
contains the predictors based on student demographics. These predictors are as follows: age (Age), sex
(SexMale with female as the reference level), minority status (MinorityUnkn and MinorityYes with
MinorityNo as the reference level), Pell-Grant status (PellUnkn and PellYes with PellNo as the reference
level), and first-generation status (GenUnkn and GenYes with GenNo as the reference level). After
removing the predictors that were not significant the study progressed to the next step of the forward
logistic regression model, which included the addition of the predictor student classification (ClassCCP
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and ClassWorkforce with ClassAnUnderGrad as the reference level). The third step of the forward
logistic regression model included the addition of the predictor student major (MajorSTEM with
MajorNotSTEM as the reference level). The final step of the forward logistics regression model included
the addition of the predictor Course type (CoursetypeDevMath and CoursetypeSTEM with
CoursetypeCollegeLevel as the reference level). Missing values for minority status, Pell-Grant status, and
first-generation status was treated as a variable Unkn. The sample size included 2315 cases that were
available for analysis: 1817 (78.5%) were students that succeeding in obtaining a C or higher in the their
course and 498 (21.5%) were students that did not succeed in obtaining a C or higher in the their course.
The Analysis was performed using R (R Core Team, 2015).
The initial forward regression model with the eight student demographics as predictors revealed
that predictors Age, Minority Unkn, GenYes were not significant. The model also revealed a high
correlation between first-generation unknowns and Pell-Grant Unknowns that required the firstgeneration variable to be eliminated from the dataset. After elimination of the predictors that were not
significant and the GenUnkn predictor from the model, a test of the initial model against a constant-only
model was statistically significant, 𝜒2 (5, 𝑁 = 2315) = 653.8, 𝑝 < .001, with a McFadden’s rho =
0.15, df = 5. Prediction success (using 0.5 as the threshold) was 79.2% with 1833 out of 2315 cases
accurately predicted correctly with a sensitivity and specificity of 0.979 and 0.108, respectively.
The Wald statistics, odd ratios, and 95% confidence intervals for odds ratios for each of the
significant predictors are presented in Table 26. The odds ratio is an indication that the predictor sex
being a male, minority status being yes, and Pell-Grant status being Yes results in a decrease likelihood
of success with the odds ratio of 0.67,0.51, and 0.53 respectively. Another way of interpreting this is
non-minority odds of success that is 1.95 (1.37, 2.75) times higher than a minority, non-Pell-Grant
eligible students odds of success is 1.9 (1.40,2.60) times higher than students who are Pell-Grant
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eligible, and females’ odds of success is 1.5 (1.20,1.87) times higher than males. A student The PellGrant being unknown odds ratio of 4.35 indicated an increase in likelihood of success. The AIC for the
model was 2058.9 with a Hosmer and Lemeshow 𝑅𝐻𝐿 2 = 0.85, which indicates an improvement from a
constant only model with an AIC = 2412.7.
Table 26: Logistic regression analysis of academic success, Initial Model

Variables

B

SexMale
MinYes
PellUnkn
PellYes
Constant

-0.404
-0.667
1.470
-0.642
1.141

Wald
(z-ratio)
-3.574
-3.721
8.890
-4.089
7.640

Odds
Ratio
0.668
0.514
4.351
0.526
3.129

1/Odds
Ratio
1.50
1.95
0.23
1.90
0.32

p-value
<.001
<.001
<.001
<.001
<.001

95% CI
Lower
0.535
0.363
3.141
0.385
2.346

95% CI
Upper
0.833
0.731
6.011
0.714
4.215

After including the predictors of student classification, student major, and course type, a final
forward logistic regression model that consisted of the seven predictors: SexMale, MinYes, PellYes,
ClassCCP, MajorSTEM, CoursetypeDevMath, and CoursetypeSTEM was developed. A test of the final
model against an initial model was statistically significant, 𝜒2 (8, 𝑁 = 2315) = 650.6, 𝑝 < .001, with
a McFadden’s rho = 0.21, df = 8. Prediction success (using 0.5 as the threshold) was an impressive 80.9%
with 1873 out of 2315 cases accurately predicted correctly with a sensitivity and specificity of 0.948 and
0.303, respectively.
The Wald statistics, odd ratios, and 95% confidence intervals for odds ratios for each of the
significant predictors are presented in Table 27. The odds ratio is an indication that the predictor sex
being a male, minority status being yes, and Pell-Grant status being Yes results in a decrease likelihood
of success with the odds ratio of 0.65,0.52, and 0.54 respectively. The predictors being a developmental
course or a STEM course resulted in a decrease likelihood of success with the odds ratio of 0.31 and
0.73, respectively. The predictors for a CCP student and a STEM major indicated an increase in likelihood
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of success with odds ratios of 6.72 and 1.67, respectively. The AIC for the model was 1925.4 with a
Hosmer and Lemeshow 𝑅𝐻𝐿 2 = 0.79, which indicates an improved model from the initial model.
Table 27: Logistic Regression analysis of academic success, Final Model

Variables

B

SexMale
MinYes
PellYes
ClassCCP
MajorSTEM
CoursetypeDevMath
CoursetypeSTEM
Constant

-0.438
-0.664
-0.626
1.905
0.5125
-1.167
-0.315
1.226

Wald
(z-ratio)
-3.597
-3.505
-4.487
10.403
3.775
-7.594
-1.966
8.209

Odds
Ratio
0.645
0.515
0.535
6.716
1.669
0.311
0.730
3.408

1/Odds
Ratio
1.55
1.94
1.87
0.15
0.60
3.22
1.37
0.29

p-value
<.001
<.001
<.001
<.001
<.001
<.001
0.049
<.001

95% CI
Lower
0.508
0.356
0.406
4.703
1.280
0.230
0.534
2.552

95% CI
Upper
0.819
0.748
0.702
9.646
2.180
0.420
1.002
4.585

Since the final seven predictor model was statistically reliable and the percentage of accurately
classified cases increased, this model was used to develop a receiver operating characteristic graph
(ROC) and establish cut off points to create adequate sensitivity and specificity. A ROC graph is
presented in Figure 3, and the area under the curve of a ROC graph has been found useful in
determining the accuracy of a statistical test. (Swets, 1988) The final logistic regression model for this
study had an area under the curve of 0.81, which indicates a good accuracy classification (Tape,2001).
Figure 3: ROC Curve, Academic Success Final Model
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A plot of sensitivity and specificity for various cutoffs for the model is presented in Figure 4. R was used
to determine the minimized difference threshold (MDT), which is when absolute difference between
sensitivity and specificity is minimized and a generally more accurate criteria for analyzing a model
(Jimenez-Valverde & Lobo, 2007). The MDT was determined to be a value of 0.75. At 0.75, the value of
sensitivity was 0.75 and the value of specificity is 0.73.
Figure 4: Plot of model sensitivity and specificity for various cutoffs, Final Model

Summary
This study was conducted to help guide potential upcoming academic decisions for the math
department at Zane State College. This study revealed the potential significant predictors of sex,
minority status, and Pell- Grant status for the student. The minority and Pell-Grant eligible students had
significantly lower odds of success. The study also revealed significant predictors of STEM majors and
CCP students. STEM majors had a significantly lower odds of success then Non-STEM majors and CCP
students had significant higher odds of success then workforce students and undergraduate students.
Lastly, the study revealed significant predictors in developmental math courses and STEM math courses.
The developmental math courses odds of success were significantly lower than college level courses and
STEM courses. This was revealed through a quantitative study that implement logistic regression
techniques to examine potential predictors of success in math courses at Zane State College. The next
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chapter will discuss how this study connects to the literature and how this study impacts Zane State
College.
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CHAPTER 5: CONCLUSION
Introduction
This chapter presents the summary and conclusion attained from the study’s objectives, which is
to identify potential achievement gaps over math courses and develop a model for predicting academic
success in math courses at Zane State College. This chapter also provides discussion on the connection
of this study to social equity, math inadequacies, and implementation research as these are the driving
reasons of the study.

This study was conducted at Zane State College and the cases were selected through a
nonprobability sampling. The study was a quantitative ex post factor design with relevant data being
obtained through academic and enrollment records. Statistical tools used to analyze the data involved
were mean, standard deviation, percentages, chi-square test of independence, independent t-test, and
forward logistic regression techniques.

The findings of the study were summarized according to the statement of the problem and the
research questions as stated in Chapter 1. The problem this research study is addressing involves three
aspects. First, the study will examine the magnitude of differences of potential social equity gaps for
math courses at Zane State College. Second, this study will examine the personas of students that are
potentially at risk of not succeeding because of social equity gaps. Lastly, this study will examine student
success from potential course and student predictors. The main research questions the findings for this
study is going to address is stated in chapter 1.

1. Are student demographic variables, Age, Sex, Pell Grant status, minority status, first generation
status predictive of academic achievement in mathematics?
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2. Are significant student demographic variables of Age, Sex, Pell Grant status, minority status, first
generation status with added student classification (dual enrollment, undergraduate,
workforce) predictive of academic achievement in mathematics?

3. Are significant student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce) with added
student major predictive of academic achievement in mathematics?

4. Are significant student demographic variables, Age, Sex, Pell Grant status, minority status, first
generation status, student classification (dual enrollment, undergraduate, workforce), student
major, with added classification of math course (developmental, STEM, College Level), predictive
of academic achievement in mathematics?

This study revealed the potential significant predictors of sex, minority status, and Pell- Grant status for
the student. The minority and Pell-Grant eligible students had significantly lower odds of success. It was
also revealed that predictors of STEM majors and CCP students were significant. STEM majors had a
significantly lower odds of success then Non-STEM majors and CCP students had significant higher odds
of success then workforce students and undergraduate students. Lastly, the study revealed significant
predictors in developmental math courses and STEM math courses. The developmental math courses
odds of success were significantly lower than college level courses and STEM courses. This was revealed
through a quantitative study that implement logistic regression techniques to examine potential
predictors of success in math courses at Zane State College.
Connecting the Finding’s to Social Equity
In Chapter 2, an initiative, called Achieving the Dream was presented, and the initiative’s relation
to the purpose of this study was highlighted. The motive behind the initiative was to measure and

54

positively influence social equity, social integration, and other areas where inadequacies are found
among groups of students (Martin,2014). Achieving the Dream schools operate under a model that will
establish, over time, a culture of evidence based on analyzing student and college data. Institutions that
joined the Achieving the Dream initiative were making a commitment to this idea. These institutions
understand that community colleges have a powerful opportunity to improve success and close the gaps
of inadequacies among student groups (Martin, 2014). The literature has shown that many college
institutions face achievement gaps within their student body and community colleges are more
susceptible to these problems. The benefit of community colleges being more affordable and accessible
results in a large proportion of students’ groups that are experiencing achievement gaps (Martin, 2014).
Some of the areas of specific concerns are racial status, socioeconomic status, and first-generation
status. It is important to understand that these achievement gaps may not present themselves at every
institution and not in all areas of the student body. “To implement social equity, it is important for
community colleges to respond to outcomes disparities on an institutional level by committing to the
goal of equity”. (Martin, 2014) This study’s findings will reveal this very idea, which is why it is crucial for
institutions to build their own culture of evidence and analysis their own data. This study is adding to
the building of a culture of evidence for Zane State College. Two of the three areas of concerns for
social inequities that revealed to be significant predictors were minority status and Pell-grant status. The
first-generation status failed to be a significant predictor.
The findings of this study correspond to the literature found in regards to racial status in colleges.
Studies have found that the proportion of minority students that are able to attain a degree is less likely,
which creates an achievement gap. Racial status was revealed to be a significant predictor in academic
success. This study revealed that 61.8% of minorities are not successful in their math courses, which is
21.3 % lower than the average success level (78.5 %) in mathematics at the institution, which revealed a
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significant relationship between minority status and academic achievement. This is in accordance to the
literature on achievement gaps for minority students.
A breakdown of the minority status across student classification revealed that academic success
for minorities is higher for certain student classifications. In Table 28 in appendix D, the breakdown of
minority and non-minority status across student class shown that minorities who are dual enrollment
students have a higher academic success rate compared to minorities that are undergraduate students
or Workforce students. Comparing these to the academic success rates for non-minorities, in Table 29 in
Appendix D, it is revealed that these success rates are all lower than the non-minority’s success rate per
each class of students. The difference differs from one student classification to another. Minority CCP
student’s academic success is the closest, followed by minority undergraduate students and minority
workforce students. This is suggesting that there is an achievement gap for minorities, which is also
found in each of the student classification, but the gap is diminished in the case of dual enrollment
students.
In terms of socioeconomic status, the literature has shown that an achievement gap for lower
income students is commonplace. Each school needs to evaluate their own data in accordance to
building a culture of evidence. This study builds evidence for achievement gaps for lower income
students. The findings of this study revealed a relationship between Pell-Grant eligibility and academic
success. Pell-Grant eligibility was indicated as a significant predictor of academic success. It is important
to note that this factor was not represented in all student classifications. CCP student’s eligibility for the
Pell-Grant was largely unknown for both minority and non-minority students leaving it difficult to detect
how socioeconomic status affects CCP students’ academic success. For undergraduate students,
minority status is a considerable larger in proportion of students that are Pell-Grant eligible, with 83.8%
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of minority undergraduate students being Pell-Grant eligible compared to non-minority undergraduate
students having only 59.8% of the students being Pell-Grant eligible as listed in Table 28 and 29.
Literature has shown that first generation students are a third group of students that have
achievement gaps in college. However, institutions must conduct their own research and for this study
the First-Generation status failed to be a significant predictor for academic success and there was not a
significant relationship between first-generation status and academic success. Though, first-generation
status has been shown to have achievement gaps, at this institution this isn’t the case. The success rate
of first -generation students (58.3%) is slightly below that of non-first-generation students (62.4%).
Minority and non-minority are similar in the proportion of first-generation students and for a
considerable amount of dual enrollment students their first-generation status is unknown, much like
with Pell-Grant eligibility,
Zane State should have concerns about students of minority status and Pell-Grant eligible status
because there is a significant negative relationship among these factors with academic success. With
other factors included within the regression analysis these two factors remain as significant predictors of
academic success. The concern about these factors is diminished when accounting for a student being
dual enrollment.
Connecting the Finding’s to Math inadequacy
Around half of students in the United States are enrolled in community colleges and 60% end up
placed in at least one developmental math course at their community college (Benken et al., 2015).
Community colleges are serving a large portion of students who are underprepared for college level
math, but the current developmental programs that support these students, is exhibiting negative
effects (Benken et al., 2015). Less than half of the students enrolled in developmental math courses are
able to be successful in the course (Quarles & Davis, 2017).
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The findings for this study revealed achievement gaps for students in developmental mathematics.
This study found that students in STEM math courses and developmental math courses were significant
predictors of academic success. The STEM math courses had a confidence interval (0.53,1.02) that was
only slightly higher than 1 and the pass rate for the students was 84.1%. The students in developmental
math courses is of more concern with a 40% pass rate. Table 30 in Appendix D shows the breakdown of
the data by type of course. Some noteworthy items in the table is that the most success student group
(CCP students) do not take developmental math as a policy of the institution. Developmental math
courses also had the highest percentage of minorities and Pell-Grant eligible students at 14.2% and
73.4% respectively. This reinforces that there is evidence of achievement gaps for Minorities and PellGrant eligible students. Minority and Pell-Grant eligible students are placed into development math
courses and are less successful in these courses.
Implications
In the past, the lower success rates of student groups were considered the responsibility of the
individual. (Barajas & Pierce, 2001) A specific group could have a low success rate, but any individual in
that group is believed to have the same opportunity and responsibility to success as any other student
at the institution. This thought process negatively influences the support to groups that are commonly
found to have achievement gaps (Martin, 2014). Achieving the Dream and the institutions that have
joined the initiative, understand that the responsibility for closing equity gaps rest with the institutions
(Bensimon, 2005 a,b). By closing the achievement gaps, any individual in any group can be believed to
have the same opportunity and responsibility to success as any other. This paradigm shift allows this
study’s findings to become a functional and influencing part of the college’s decision-making process
(Martin, 2014). The findings for this study contribute to an increasing database of studies on
achievement gaps and implementation research for colleges and the Achieving the Dream initiative.
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In a thesis written by Kasey Martin that focuses on the initial schools that participated in the
Achieving the Dream Initiative, it is stated just how important community colleges are in as public
institution in their role of supporting a more economically and socially equitable society. As a member of
Achieving the Dream initiative, the findings of this study provide tremendous amount of information for
Zane State College and their role in supporting a more socially equitable society. Martin states that
much emphasis is placed on enrollment for community college in regards to their funding, but despite
that, academic success is still valued at Zane state College. The college is committed to capitalizing on
opportunities for their students to have success. These findings provide evidence of opportunities where
an increase level of success is achievable.
Recommendations
It is the recommendation of the researcher that Zane State College investigate methods where
achievement gaps have been closed with institutions using data to drive policies. The focus should be on
minority students and lower income students since this study has revealed achievement gaps for these
two groups of students. It is also recommended that developmental math courses are evaluated as to
their effectiveness since these courses revealed to have the lowest success rate. It is also recommended
that after policies have been installed and data obtained that the data is analyzed as to the effectiveness
of the policies. This would be in accordance with the Achieving the Dream model. Continue data-based
research should be encourage by administrators and embraced by educators in an effort to improve this
institution.
This study may be improved by separating out different groups of minorities to analyze for
achievement gaps. Studies have shown that certain minority groups do not normally suffer from
achievement gaps, so by separating out groups of minorities it will be possible to find which groups
specifically are falling behind. This study can also be improved by examining specific income levels for
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achievement gaps. In this case, the income would be quantitative. Lastly, this study could be improved
with more data being known. In many cases, Pell-Grant status and first-generation status is unknown.
This is especially true in the case where the student is dual-enrollment.
Conclusion
The Achieving the Dream initiative aimed to provide institutions with resources and the ability to
analyze their data in order to drive their decision-making process. The Achieving the Dream initiative
provides a model for institutions to follow that includes a five-step process.
1. Leadership commitment
2. Use of data to prioritize actions
3. Stakeholder engagement
4. Implementation, evaluation, and improvement of strategies
5. Establishment of a culture of continuous improvement.
This process has enabled colleges to build evidence of achievement gaps within their institutions and
provides a mean to continually access any decisions made to improve these achievement gaps. The
colleges that have participated in the Achieving the Dream initiative have provided research that suggest
that minorities, lower income students, and first-generational students are at higher risk of achievement
gaps. Research also implies that students that are behind in college mathematics and must take
developmental courses are at a higher risk for not succeeding in these courses. Research has indicated
this is especially true for minorities, lower income students, and first-generational students. Based on
the indicated findings, the following conclusions were drawn:
1. Social equity gaps are evident for students that are minorities and/or Pell-Grant eligible.
2. First-generation status did not show an achievement gap for students and was not apart of
significant predictors for the regression model.
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3. Students in developmental math courses odds of success are lower than in college level math
courses.
4. Dual enrollment students have the highest rate of academic success and have minimal
achievement gaps.
5. Academic success in math can be predicted by these factors of sex, minority, Pell-grant
eligibility, Student classification, student major, and course type. Females, non-minority, not
being Pell-Grant eligible, CCP students, STEM majors and college level math students have
Increased odds of success.
These results will allow Zane State College to move forward with decision-making and capitalize on
opportunities to improve student success and become more equity supportive of their students.
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APPENDIX D

Table 28: Breakdown of student classification for Minorities
Minority
Status
Total Number
Average Age
Sex
Breakdown
Major
Academic
Success
Course
Breakdown

Pell Eligible
Status
First
Generation
Status

CCP
72
16.73

Undergraduate
105
23.5
65.7% F / 34.1% M

Workforce
6
33.7
50% F / 50% M

62.9% F / 37.1% M
98.6 % Non-Stem
1.4 % Stem
87.5% Pass rate

45.7 % Non-Stem
54.3 % Stem
44.8% Pass rate

16.7% Non-Stem
83% Stem
50% Pass rate

0% Developmental Math
72.2% College Math
27.8% STEM Math
1.4 % Pell Eligible
0 % Non-Pell Eligible
98.6 % Unknown
1.4 % Non-First
Generation
0 % First Generation
98.6% Unknown

35.2%Developmental Math
56.2% College Math
8.6% STEM Math
83.8 % Pell Eligible
10.5 % Non-Pell Eligible
5.7 % Unknown
57.1% Non-First
Generation
37.2 % First Generation
5.7% Unknown

0% Developmental Math
50 % College Math
50 % STEM Math
50 % Pell Eligible
33.3 % Non-Pell Eligible
16.7% Unknown
50 % Non-First
Generation
33.3 % First Generation
16.7% Unknown
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Table 29: Breakdown of Student classification for Non-Minorities
Non –
Minority
Status
Total Number
Average Age
Sex
Breakdown
Major
Academic
Success
Course
Breakdown
Pell Eligible
Status
First
Generation
Status

CCP
1049
16.5
55.3% F / 44.7% M

Undergraduate
951
23.1
56.2% F / 43.8% M

Workforce
44
26.1
29.5% F / 70.5% M

97.4% Non-Stem
2.6% Stem
94.4% Pass rate

45.1 % Non-Stem
54.9% Stem
63.3% Pass rate

40.9% Non-Stem
59.1% Stem
81.8% Pass rate

0% Developmental Math
70.1% College Math
29.9% STEM Math
0.6% Pell Eligible
0.5% Non-Pell Eligible
98.9% Unknown
0.9% Non-First
Generation
0.4% First Generation
98.7% Unknown

22.5% Developmental Math
62.0% College Math
15.5% STEM Math
59.8% Pell Eligible
24.5 % Non-Pell Eligible
15.7% Unknown

0%Developmental Math
50% College Math
50% STEM Math
27.3% Pell Eligible
20.5% Non-Pell Eligible
52.2% Unknown
27.3% Non-First
Generation
20.5% First Generation
52.2% Unknown

45,1% Non-First Generation
39.2% First Generation
15.7% Unknown
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Table 30: Breakdown of Course Classification

Total Number
Average Age

Developmental Math
260
23.9
65.4% F / 34.6% M

College Math
1522
19.8
59.8% F / 40.2% M

STEM Math
533
18.3
38.8% F / 61.2% M

57.3 % Non-Stem
42.7 % Stem
40% Pass rate

77.0 % Non-Stem
23.0 % Stem
83.1% Pass rate

65.5% Non-Stem
34.5% Stem
84.1% Pass rate

14.2% Minority
82.3% Non-Minority
3.50 % Unknown
73.4 % Pell Eligible
20.4 % Non-Pell Eligible
6.2 % Unknown
52.7% Non-First Generation
41.1 % First Generation
6.2% Unknown
0% CCP
100% Undergraduate
0% Workforce

7.50 % Minority
88.6 % Non-Minority
3.90 % Unknown
28.9 % Pell Eligible
10.7 % Non-Pell Eligible
60.4 % Unknown
20.7% Non-First Generation
18.9 % First Generation
60.4% Unknown
54.6% CCP
43.8% Undergraduate
1.6% Workforce

6.00% Minority
90.6% Non-Minority
3.4 % Unknown
11.8% Pell Eligible
10.7% Non-Pell Eligible
77.5% Unknown
13.9 % Non-First Generation
8.6 % First Generation
77.5% Unknown
64.7% CCP
30.4% Undergraduate
4.9% Workforce

Sex Breakdown
Major
Academic
Success

Minority Status
Pell Eligible
Status
First
Generation
Status
Student
Classification
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• SOI Ad Hoc Committee member, 2021
• TAG/OTM Physics panel, 2021
• Attended annual professional development meetings
Central Ohio Technical College, Newark, OH
Adjunct Faculty

June 2012 - June 2019

Tutor.com. New York, NY
Professional Math/Physics Tutor
Oct 2016 - December 2018
• Utilized online whiteboard software to effectively tutor students in mathematics and physics
subject matter.
• Engaged students in individual learning.
• Successfully evaluated students’ needs and education levels in order to effectively convey
material to students.
GRANTS
Grant #: 1902411
Organization: National Science Foundation
Awarded Amount: $243,934
Grant Length: July 15th 2019 to June 30th 2022
Project Title: Improving Success in Math Gateway Courses for STEM Technicians
Role: CO -PI
Grant accomplishments:
• DACUM Research Chart and Projects, Math 1250
• Math Summer Camp
Intense skill workshops for students held in term intercessions

July 2020
July 2020, 2021

PROFESSIONAL AFFILIATIONS
AMATYC
OhioMATYC

November, 2019 to Present
March, 2021 to Present
COMMUNITY SERVICE

Zane State Science Fair Judge

2016, 2018, 2019, 2020

District 9 Science Day, Zanesville, OH
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PROFESSIONAL DEVELOPMENT
OhioMATYC Virtual Conference
Virtual ATE Conference
AMATYC Milwaukee Conference. Milwaukee Wisconsin
Quantitative Reasoning Professional Workshop, Columbus Ohio

March 2021
October 2020
November 2019
April 2019

AWARDS, RECOGNITIONS
O.L. Dustheimer Astronomy Prize
BW Bookstore Science Fair Award

2005
2004
PRESENTATION AND PAPERS

Shawnee State University

Aug 2020 to Jul 2021

Identifying Social Equity Gaps within the Math Department of a Community College:
•
•

Explored Social Equity Gaps in the Math department of Zane State College
Main research question: Are student demographic variables, Age, Sex, Pell
Grant status, minority status, first generation status, student classification (dual enrollment,
undergraduate, workforce), classification of the instructor (Adjunct, Full-time), student major,
classification of math course (developmental, STEM, College Level), classification of course
delivery (Virtual, Traditional), or previous academic standardized measures (HS GPA, ACT,
Accuplacer) predictive of academic achievement in mathematics?
• Use R to run statistical Analysis including Independent t-test, Chi-square test of independence,
and a Forward Logistics Regression
University of Akron
Aug 2010 to Jul 2013
AFM/EFM Investigation of Charge Transportation in Photovoltaic Heterostructure
•
•
•
•
•
•
•
•
•

Explored time relevance of a semi-conductor holding charge
Main research question: Does a semi-conductor hold charge longer with a specific unknown
substance applied to the semi-conductor
Coordinated and collaborated as a member of a research team in order to evaluate thin films for
the purpose of producing tunneling diodes.
Conducted a blind study with the purpose of determining the identification of organic
compound within an unidentified substance.
Preparation of silicon oxide slides.
Implemented High (10-7mTorr) vacuum equipment for thin-film deposition in order to establish
the effect varying chemicals had on resistance within the junctions of film.
Performed atomic force microscopy; resulting in the identification of electrical effects of a
chemical applied to a semiconductor.
Determined the chemical chains of substances by utilizing infrared spectroscopy.
Evaluated and concluded research results and reported results in order to determine direction of
potential future research.
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